Objectives
A low cost, small size commercial bipolar power transistor was investigated as possible routine radiation dosimeter in previous works [1, 2] . Those studies revealed that the device was capable of measuring doses from 0.1 up to 45 kGy, both in γ and electron radiation fields. It was also found that the response of the transistor is energy dependent. The aim of the present work is the analysis of the response of this device, as far as defect concentration and generation rates are concerned, when exposed to electron beams of different energies. TO 
Results I
Deep Level Transient Spectroscopy measurements carried out on the irradiated devices have revealed the presence of three clear peaks in the spectra. They correspond to the oxygenvacancy complex (A centre), the double negative and single negative charge state of the divacancy (D centre). These three levels are all active recombination centres that can account for the changes of the carrier lifetime, and consequently of the related electrical parameters. 
Results II
A linear relationship exists between defect concentrations of A and D centres and dose. 
Discussion
These results have been analysed, in a simplified model, considering that the total number of atomic displacements produced by e -irradiation is the sum of the contributions of two main processes: Contribution of direct interaction of X rays produced by interaction of the primary electrons with the target nuclei is very unlikely and thus it has been neglected. 2) secondary displacement, i.e. defect generation by the recoil Si atoms, whose cross-section σ' d , can be obtained by the Kinchin-Pease approximation [6] , supposing that all the energy of the primary knock out atoms be entirely dissipated in further elastic collisions:
Mechanism of defect production by e -beam irradiation I
ν is a damage efficiency factor ≈ 0.8 [7, 8] ;
ν(T/2T d ) is the number of displacements produced by Si recoil atoms of kinetic energy T (T ≥ 2T d )
Thus in this simplified model the expected generation rate G A of the A centre (oxygen-vacancy complex) will be:
Mechanism of defect production by e -beam irradiation II
⇒ Divacancies VV can be formed by 1) clustering of single vacancies which generation rate G D will be:
2) and/or directly by secondary displacements which generation rate G D will be:
From the behaviour of G A and G D as a function of electron energy E, it should be possible to identify the mechanism of defect generation.
As shown in figure the experimental generation rate of A centres vs. e -energy is proportional to the total displacement cross-section (σ d +σ' d ) calculated for effective T d = 40 eV. Using only the primary crosssection σ d a worse fitting is obtained. For the D centres both fittings are possible therefore it is not possible to draw any conclusion about the mechanism of D centre formation. 
Using our experimental data a satisfactory fit is obtained under the same assumptions, but assuming a somewhat higher value of T d (T d = 60 eV). A possible explanation of the higher effective value found with respect to the theoretical one (T d~ 13 eV) is that irradiations have been performed without any control of the temperature of the device. Any increase of this parameter during irradiation may increase the possibility of close v-i pair recombination, thus increasing the effective T value. 
Conclusion
This simplified treatment of the experimental data represents in a satisfactory way the energy dependence of the defect generation rates in electron irradiated silicon devices.
A good explanation of the generation of vacancy-oxygen complexes is given, taking into account the primary and secondary scattering events, while in the case of the divacancy generation both the clustering of single vacancies and the direct generation of secondary displacements can explain the measured defect generation rates.
Whit the approximations made, a good agreement between the measured data and the theoretical fittings is obtained through the right evaluation of the threshold energy T d for atomic displacement. This parameter reflects the effect of the environmental variables, e.g. the irradiation temperature.
